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SUMMARY 


THE  PROBLEM 

To  determine  the  effects  of  elevated  atmospheric  C02  on  arte- 
rialized  and  venous  pH,  Pqq^,  anc*  ^Oo»  and  to  monitor  any 
changes  in  plasma  electrolytes  during  chronic  operational  exposure 
to  C02 ,  during  an  extended  FBM  submarine  patrol . 


FINDINGS 

No  evidence  of  respiratory  acidosis  or  change  in  electrolyte 
concentration  was  demonstrated  during  the  study.  Calcium  and 
phosphate  excretion  were  also  found  to  be  within  normal  limits 
with  the  subjects  on  unrestricted  normal  diets . 


APPLICATIONS 

This  report  is  of  value  to  all  Submarine  Medical  Officers  and 
environmental  physiologists  and  all  personnel  who  are  concerned 
with  the  habitability  of  closed  environments  over  long  time  periods. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  as  a  part  of  project  MR011. 
01-5033,  Time  Course  of  Acid-Base  Balance  While  on  FBM 
Patrol.  The  present  report  in  No.  1  on  this  project.  The  manu¬ 
script  was  approved  for  publication  28  July  1971,  and  designated 
as  Submarine  Medical  Research  Laboratory  Report  No.  675. 
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ABSTRACT 


Measurements  of  arterialized  capillary,  and  venous  pH, 

PCC>2  ’  an^  ^09  were  taken  from  15  healthy  male  subjects  during 
a  control  perioa  and  during  days  2,  9,  17,  42  and  .5A..pf  n  Pvl ari q 
submarine  patrol.  Venous  plasma  concentrations  of  sodium, 
chloride,  and  potassium  were  determined  from  frozen  samples. 

Twenty-four  hour  urine  specimens  were  collected  from  four 
of  the  men  in  the  study.  Daily  excretion  of  sodium,  potassium, 
calcium,  and  phosphate  were  determined  by  analysis  of  frozen 
samples.  The  men  were  on  normal  diets  with  no  restrictions  or 
control  of  calcium  intake. 

Despite  prolonged  exposure  to  elevated  levels  of  CO2  (.  72%  to 
.95%  with  a  mean  of  .85%),  no  significant  respiratory  acidosis 
was  documented.  Plasma  electrolytes  were  clinically  normal  and 
gave  no  evidence  of  acidosis  during  the  study  or  the  post-study 
recovery  period.  Urinary  excretion  of  calcium,  phosphate, 
sodium,  and  potassium  were  within  normal  limits. 

The  direct  on-board  measurement  of  blood  gas  and  pH  values 
showed  little  physiological  change  at  present  operational  levels 
of  C02 . 
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THE  TIME  COURSE  OF  ACID-BASE  BALANCE  WHILE  ON  FBM  PATROL 


INTRODUCTION 

The  production  of  compensated  res¬ 
piratory  acidosis  in  man  and  animals 
when  breathing  elevated  levels  of  CO 2 
is  a  well  known  and  has  been  amply 
demonstrated.  2,3 '  The  studies  report¬ 
ed  by  Schaefer  et  al,  were  performed 
with  CO2  levels  up  to  1.5%. 1  These 
studies  point  out  the  need  for  accurate 
determination  of  acid-base  changes 
while  breathing  lower  levels  of  CO2 . 
Additionally,  previous  determinations 
have  used  data  derived  from  frozen 
samples,  rather  than  measurements  of 
pH,  Pc02’  311(1  ^02’  macle  at  the  time 
of  blood  collection.  4,5 1 

This  study  was  designed  to  document 
actual,  rather  than  calculated  changes 
in  pH,  PC02’  311(1  P02  from  crew  mem¬ 
bers  of  an  FBM  submarine  during  an 
operational  patrol  wherein  the  CO2 
level  normally  averages  less  than  1%. 
The  electrolyte  determinations  were  ■ 
carried  out  on  frozen  samples  of  the 
same  blood  to  serve  as  confirmation  of 
acidosis,  if  found  by  the  direct  methods . 
Also  of  interest  were  the  changes  in 
urinary  calcium  and  inorganic  phos¬ 
phate  excretion  demonstrated  in  acido¬ 
sis.  Therefore,  it  was  planned  to 
monitor  calcium  and  phosphate  excre¬ 
tion.  6 


METHODS 

Subjects  were  fifteen  healthy  volun¬ 
teer  members  of  an  SSBN  submarine 
crew.  Fourteen  men  were  between  the 
ages  of  23  and  33  years,  and  one  man 


was  47  years  old.  All  were  in  good 
health,  and  had  no  history  of  pulmon¬ 
ary,  renal,  or  skeletal  disease.  One 
man,  however,  was  11  years  post¬ 
nephrectomy  for  correction  of  a  con¬ 
genital  defect.  All  subjects  were  ex¬ 
posed  to  the  same  operational  submarine 
atmosphere.  Oxygen,  carbon  dioxide 
and  carbon  monoxide  were  measured  at 
four  hour  intervals  in  three  ship  com¬ 
partments  and  average  values  were  re¬ 
corded.  On  a  daily  basis,  the  level  of 
CO2  varied  from  .  72  %  to  .  95%,  with  a 
mean  of  .85  %.  Oxygen  concentration 
was  maintained  between  19%  and  21%. 
Carbon  monoxide  was  less  than  25 
p.p.m.  No  dietary  restrictions  or 
measurements  were  in  effect  during  the 
study.  Drinking  water  was  distilled  and 
no  minerals  were  added.  At  no  time 
during  the  data  collection  was  the  sub¬ 
marine  environment  ventilated  with 
outside  air. 

Samples  were  collected  before  sub- 
^er^g^and.durlni~davs''27  a,  17,  307 


,-42  and  56  of  patrol.  Recovery  samples, 
were  obtained  43  days  after  returning 
from  patrol .  Arterialized  capillary 


ture  of  siliconized  skin  after  a  hand 


"soak  'of  five  minutes' in'water  at  a 
l^mp-CjatnS^€^jSZ  All  venous  sam¬ 
ples  were  collected  in  heparinizedjgjass 
vacuum  tuHes?"~After  measurements  of 
pH,  TJC02  311(1  PC>2  were  completed, 
venous  samples  were  immediately  cen- 
trifuged  at  4000  RPM.  The  plasma  was 
'^fofe3''ai  -15°  C  in  capped  syringes . 

The  measurements  of  pH,  Pqq9  and 

^"Instrumentation 

"Eaboratory  Model  113-SL  Ultra  Micro 
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pH  Blood  Gas  Analyzer.  Blood  bicar¬ 
bonate  values  were  calculated  using  a 
standard  Nomogram.  Plasma  sodium, 
potassium,  and  chloride,  as  well  as 
urinary  sodium,  potassium,  calcium, 
and  phosphate  were  determined  using 
standard  clinical  laboratory  methods. 
The  recovery  values  of  the  pH,  PCO2 
and  P02  were  measured  on  a  different 
instrument  of  the  same  model  as  the 
instrument  usedirf  the  on-board  mea¬ 
surements.  All  measurements  were 
corrected  for  temperature  and  atmos¬ 
pheric  pressure  variations. 


The  urinary  excretion  of  sodium, 
potassium,  and  phosphate  was  moni¬ 
tored  by  collecting  24-hour  urine  speci¬ 
mens  from  four  of  the  men.  No  control 
data  was  collected  due  to  operational 
limitations .  Recovery  data  was  col¬ 
lected  and  might  have  been  influenced 
by  post  patrol  dietary  changes . 


RESULTS 

Table  I  summarizes  the  changes  in 
acid-base  balance  measured  during  the 
study.  Statistical  analysis  consisted 
of  a  computerized  T-test .  No  definite 
pattern  of  respiratory  acidosis  was 
demonstrated.  The  pH  values  remained 
essentially  constant  during  the  study, 
while  recovery  values  were  elevated 
significantly  when  compared  with  con¬ 
trol  values.  The  PcC>2  values  showed 
a  similar  pattern  with  a  significant 
depression  in  arterialized  values  during 
day  17.  During  the  study,  all  pH  and 
PCO2  values  remained  within  normal 
limits  for  healthy  males  .  Blood  bicar¬ 
bonate  levels  showed  significant  de¬ 


pression  on  day  17  in  both  arterialized 
and  venous  sample  values.  Venous  bi¬ 
carbonate  values  were  significantly  de¬ 
pressed  on  days  42  and  56. 

Table  II  demonstrates  essentially 
constant  values  of  plasma  electrolyte 
concentrations .  This  would  be  the  ex¬ 
pected  result  if  no  acidosis  were  found. 
Plasma  water  was  also  within  normal 
limits . 

The  excretion  of  calcium  and  phos¬ 
phate  tabulated  in  Table  IH  shows  only 
normal  dietary  variations  and  all  values 
fall  within  accepted  normal  limits. 
Accurate  statistical  analysis  was  not 
possible  because  control  data  was  lack¬ 
ing.  It  must  be  noted,  however,  that 
due  to  sample  storage  space  limita¬ 
tions,  only  four  of  the  fifteen  men  were 
monitored  for  urinary  electrolytes  and 
calcium  phosphate  excretion.  Urinary 
sodium  and  potassium  also  were  within 
normal  limits . 


DISCUSSION 

During  the  period  of  this  study,  cur¬ 
rent  operational  levels  of  CO2  failed  to 
produce  a  pattern  of  respiratory  acido¬ 
sis.  Instrumentation  was  reliable,  with 
only  an  occasional  C02  membrane  fail¬ 
ure  .  This  may  account  for  a  reduction 
in  the  PCO2  bicarbonate  data  avail¬ 
able  from  several  days ,  especially  day 
17.  The  statistical  significance  deter¬ 
mined  for  day  17  is  therefore  suspect 
due  to  low  N  values . 

In  general,  venous  samples  were 
technically  easier  to  handle  and  analyze 
than  the  arterialized  samples  and- gave 
more  consistent  results.  The  collection 


2 


Table  I.  Artlrializedjand  Venus  Blood  Levels  of  pH,  ^002*  p02*  (HC03)“ 
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♦Statistically  significant  at  the  5%  level. 
Sem  —  Standard  Error  of  the  mean. 


Plasma  Electrolytes  and  H20 


Phosphate  X  LUXS-(LJ.-153.7-i)—L^JUlA.UL-l—14&I-0— 1^1595.0.  1784.0  ,  2590.0.. 
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of  blood  from  fingertip  puncture  occa¬ 
sionally  resulted  in  air  contamination  of 
capillary  tubes  during  measurement. 
Using  ultramicro  equipment,  air  may 
cause  oxygen  levels  to  be  abnormally 
high,  and  may  explain  why  arterialized 
samples  had  slightly  higher  oxygen  ten¬ 
sions  on  several  days.  The  use  of  ear 
lobe  puncture  for  arterialized  samples 
may  be  adviseable  in  future  work. 

All  recovery  samples  were  per¬ 
formed  on  a  different  instrument  and  by 
a  different  technician  than  were  the  on¬ 
board  values.  This  may  have  intro¬ 
duced  some  small  constant  error  in  pH, 
PC02  and  Po2  data.  Slight  changes  in 
calibration  and  individual  technique  are 
to  be  expected. 

Plasma  electrolyte  concentrations 
remained  constant  and  no  chloride 
changes  were  seen  that  were  compatible 
with  acidosis.  Since  only  mild  changes 
were  demonstrated  at  1.5%  C02  levels, 
submarines  could  be  operating  with  a 
concentration  of  C02  which  fails  to  pro¬ 
duce  respiratory  acidosis.  There  are 
several  other  factors  which  must  be 
investigated  under  low  levels  of  atmos¬ 
pheric  CO2.  These  factors  include: 

(a)  individual  response  to  various  con¬ 
centrations  of  carbon  dioxide,  and  (b) 
the  effect  of  circadian  biological  cycles 
on  the  overall  acid-base  changes . 

In  the  past,  several  attempts  have 
been  made  to  classify  men  into  cate¬ 
gories  of  ''responders"  and  "non-re¬ 
sponders"  when  exposed  to  elevated 
levels  of  C02 .  7  An  initial  attempt  at 
separating  our  volunteers  into  groups 
according  to  CO2  tolerance  has  been 
started  at  this  Laboratory.  At  the 
present  time,  a  method  for  definitive 


evaluation  of  each  individual  is  not  yet 
available. 


It  is  well  known  that  cyclic  biological 
functions  can  cause  changes  in  calcium 
metabolism  and  may  affect  acid-base 
balance  as  well.  Blood  samples  were 
drawn  during  the  work  cycle  of  the  indi¬ 
vidual  volunteer.  It  was  not  possible  to 
collect  samples  on  a  fixed,  pre-deter- 
mined  time  schedule  due  to  rotation  of 
watches  and  other  operational  commit- 
,  ments.  _ _ 


It  is  concluded  that  the  results  of 
this  study  would  seem  to  substantiate 
the  adequacy  of  present  standards  of 
atmosphere  control.  No  significant 
physiological  changes  were  demonstrated 
under  the  operational  levels  of  C02 
maintained  on  this  particular  subma¬ 
rine.  Calcium  and  phosphate  excre¬ 
tions  were  determined  to  be  within 
normal  limits  with  variation  due  to  diet. 
Accurate  dietary  control  is  possible, 
but  difficult  to  enforce  on  an  operational 
submarine . 
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